, UK Patent Application ,»,GB ,,,,2345213 ,«A 



(21) Application No 9927326.0 


(51) 


INT CL 7 
H04B 10/24 


(22) Date of Fifing 18.111999 








(52) 


UK CL (Edition R } 
K4B BK24 


i^uj rnoriry Data 




(31) 10329933 (32} 19.11.1998 (33) JP 




H4L LECTP 


1711 Arvnlirantfct 


(56) 


Documents Cited 




GB2180424A EP 0759666 A2 US 5349462 A 






US 5054114 A US 4982442 A 


7-1 Sha>a Snehome, Minato-ku, Tokyo 108-8001, Japan 


(58) 


Field of Search 


(72) Inventorfs) 

StliniehiroKwH 




UK CL (Edition R ) H4B BK22 BK24 BK24S , H4L LECTP 
INT CL 7 H048 1/44 1/48 10/22 10/24 10/28 . H04Q 
7/32 


(74) Agent and/or Address for Service 




ONLINE; WPI. EPODOC, JAPJO 








100 Gray* Inn Road, LONDON. WC1X 8AL, 
United Kingdom 







Harf-duptex infra-red transceiver that dggcjgy^tesj te ncttive r when t ransmitting 

{57} A data communication apparatus operable in half-duplex inc ludes a transceive r, a detector for detecting , ,„ 
ln -'^ZltonfibMSLsarhi^^ and the receive phase, and a « ntro liar strolling ihe~ f 

™:i <*» sot* Phsw Preferably the tra nscei rer Is ! "" 
a red Data Association) protocals. Deactiyatingthe j .ft. 

I* 

FIG. 1 



optical and operates in 3rxord;,r.r. within >dal jTrjAUr 
receiver in this way saves power. 
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DATA COMMUNICATION METHOD AND APPARATUS 

The present invention generally relates to data 
communication techniques and in par ticul ar to data 

c ommunication method and apparatus which can reduc e in power ^ 

. 

consumption. 

5 Infrared (IR) communication technology is being employed 

in the field of a porta ble information device such as a mobile 
PC ( personal comp uter) m a PDA (personal d igital assistant) 
because IR transmitter s and r eceivers can be built at relatively 
low cost and with small size and low power consumptio n suitable 

10 for b attery-supported operation . To achieve bidirectional 
communication, irDA ( Infrared Data Association) protocol based 
on half- duplex operation is usuall y employe d in IR 
communications because full-duplex operation must split the 
bandwidth between two directions, which is difficult for IR 

1 5 communicat ion . 

In general, an IR device having a light -emitting device, 
a lig ht -receiving device and drivers thereof packaged therein 
is used to equip a portable information device with an IR 
interface. Since the portable information device is usually 

20 powered through a battery, the power consumption of the IR device 
is preferably as low as possible . Therefore , an IR devic e having 
power-saving function called power-down mode is usually 



2 



employed. 

f The light-emitting device of the IR device basically U 

_ . - — i 

consumes power only when IR 3Jjgit_is_einittea vhlle the J 
light-r eceiving device c ons umes power at all time s )j Therefore, 
the power-down mode can be realized by stopping the function 
of driving the light -receiving device./ The power-down mode is 
widely used in such a way that it is reset during IR communication, 
otherwise set. 

There have been proposed various power- saving methods in 
the field of communications - S everal exampl es will be descried 
hereafter- 
Japanese Patent Unexamined Publication No. 6-15251B 

More specifically, the network terminating device 



15 is provided with a ^^mm» stops P^^s^ng 

to a part of a rec eivin g circuit, w**hOBi impairment of starting 

" ~ 

control when a photodetector d etects no receiving signal, that 

is. during a standby state. Therefore, t he power consumption 

du ring stan dby can be reduced. In other words , it cannot reduce 

20 the power consumption during communica tion^ . 

Japanese Patent Unexamined Publication No. 6-181593 
discloses a radio transmitter having a photodetector and a 
transmitting circuit. When an ID code is set^bv using an IR 
remote control unit, the p hotodetector is supplied with power 

25 and the transmitting circuit is powered off . Contrarlly , in the 



case of normal communication mode, the tra nsmitting circuit is 
powered on and the photodetector is powered off . In this manner , 
the power consumption is reduced- However, since the 
tr ansmi t ting circuit i s powered off when the ID is set, the power 
5 consumption during normal communication is not reduced . 

Japanese Patent Unexamined Publication No. 6-216789 
discloses a radio transmitter which controls a power supply 
circuit such that a light -receiving circuit is supplied with 
power only duringj* time perio d from when the radio transmitted 
10 is P° ver&d on .to when fir st transmission is performed after 
p owered o n. However, the light -receiving circuit does not 
function as a receiver for bidirectional communication. 
Therefore, the power consumption during communication is not 
reduced. 

15 Japanese Patent Unexamined Publication No. 8-8710 

discloses an optical communication controller which is provided 
with a power controller dedicated to an^ aptical transmitter. \ 
The optical transmit ter is p owered on when starting optical 



transmission and is p owered off when the optical transmission 
20 is _ t ^H ni i l i L _ t ^„ d ;_) In this example, similarly, the power 
consumption during communication is not r educed. 



An object of the present invention is to provide a data # 



communication method and apparatus wMcfrj^anj ^ley e mora 
reduction in power consumption. 

According to the present invention , a da ta comm unication 
apparatus ftaflfeffafe _|^^^J^^# alternately sj^^ 

including a tra nsmitt er and a receiver; (a d etecto r for detecting 
an operation phase which is one of the senj j>has j&and the rec eive 
ghasej Aand a controller controlling the tr ansceive r such that 
the receiver is stopped functioning during the send phase. 

The c ontroll er controls the tra nsceiver in communication 
such that the receiver is not driven < aurin^^ but 
dur^n^^he ^ecelve jghaae . 

Preferably, when t$Hggg££pr aflBBj l a phase switch 
signal ftftpi* of HOMKflP* ™* ™<mXm» a < the stroller 
9 the operation mode between' the send phase and^ 

The phase switch signal may be a poll/final (P/F) 
bit. 

According to another aspect of the present invention, a 
data communication method for e^cfr^f%g \oa#a in hJjjPjS^ 
mode between ,a £ ^M^ ^ a «fi»MBHMtt' includes 
the following steps. The fggMnMI having a first 
^an^|e|y^| g frames of data^the gg&BBS&B&jl^ with 
setting a receivins_&incJ^n of the first transceiver to 
p ower -down mode during a se nd phas e, s witche s the send phase 
to a receive phase when a final frame is sent to the second 



terminal; and receives frames of data from the second terminal 
during the receive phase- The second terminal havin g a second 
transceiver receives the frames of data from the first terminal 
during the receive phase, s witches the receive phase to the send 
phase when the final frame is received from the first terminal, 
and sends frames of data to^the first terminal with setting a 
r eceiving function of the second transceiver to power -down mod e 
during the send phase. 

As described above, when op erating in send phas e, the 
receiving function is stopped. This allows power consumption 
in communication to reduce without impairing the communication 
function. Therefore, the battery life built in a battery- 
powered terminal such as a portable information terminal can 
be increased. 

Another advantage can be obtained. Since the light - 
receiving functi on of an optical transceive r is stoppe d during 
the send phase, a so-called echo-back canceling effect can be 
automatically achieved. In general, the light -emit ting part is 
adjacent to the light -receiving part within the optical 
transceiver. Therefore, the light emitted from the light - 
emitting device is partly incident back to the light -receiving 
device . To cancel such an echo-back component , the conventional 
communication apparatus needs the echo-back canceling function 
which is implemented with software or hardware. According to 
the present invention, there is no need to provide dedicated 



hardware or software dedicated to the echo-back canceling 

function, resulting in simplified hardware and software 

configuration . 

The invention will now be described merely by way of 
example with reference to the accompanying drawings wherel 



Fig. 1 is a sequence diagram showing an embodiment of a 
data communication method according to the present invention; 

Fig. 2 is a diagram showing a frame format conforming to 
IrDA protocol for use in tne embodiment of the present invention : 

Fig . 3 is a block diagram showing an embodiment of a data 
communication apparatus according to the present invention; 

Fig. 4 is a schematic block diagram sbowing a final frame 
detection system for explanation of frame checKing operation 
in the embodiment of Fig. 3; 

Fig. 5 Is a flow chart showing a frame check operation 
of a processor in receive phase; 

Fig. 6 is a flow chart showing a frame check operation 
of a processor In send phase; and 



Fig, 7 is a block diagram showing another embodiment of 
a data communication apparatus according to the present 
invention. 



According to the IrDA physical layer protocol, when at 
low data transmission rate, an asynchronous serial interface 
is employed, and when at high data transmission rate, a 
synchronous serial interface is employed. As a first embodiment 
of the present invention, the case of low data transmission rate 
at up to 115.2 kbps will be described hereafter. 

As shown in Fig. 1, consider that stations A an d B are 
comm unicati on with each othe r a ccording t o the IrDA pr otocol 



based on h alf - duplex operatio n . Dat a com munication between the j 

s tations A and J3 is performed in frames conforming to the IrDA ¥ 

protocol. As described later, the F/F {poll/final ) bit included I , 

, I 

in a frame is nsed to exchange the right to send between them, jf 
If the station B has re ceived ; a frame including l7f__M_L 
ill?, then the station B determines that the 



received frame is the final frame and therefore the station B 
must send a frame to the station A. In other words, the station 
B is changed JUjgi the receive phase ^ the send phase and 
therefore it is possible t««^ ^mnflUnttEF 
circuit, that is. the power-down mode is allowed to be set, 



s 



resulting in reduced p ower c onsumption. 

~~~ : ' j w. 

In the case where the station A is in receive phase , if 

the station A lias received a frame including P/ F bit - 0 froj| 

• ^^jgtatio nj , then the station A determines that the received 

frame is not the final frame and theMtOjp? the station A remains* 

the current mode that the, power -down reset mode- If the 

station A has received a frame including P/F bit = 1 ,|rt^ the 



station B. then the station A is^ckaagsd frog the receive phase 
to the send^hase and therefore the po wer- down mode is allowed 
10 to he set, resulting in reduced power consumption. 

In this manner. tffiUl is used to^»e the right \ 
to send between the stations A and B £$-js£gt##i the, power -dowr 

egSMfr control atMBMUV- In otlier words ' 311 
operation state ge tting the rig ht to send is called the s end 
15 p hase and an operation state losing the same is called the receive 
phase. The during which the righttP„i£_nd can be 



/ 



is determined by ■ 
communication. The details will be described hereinafter. 
Referring to Fig. 2, a frame conforming to the IrDA 
20 protocol is (n + m + 5) bytes long, where n and m are determined 
by the stations A and B prior: 1*6 communication . The f irs^n_bytes ' 
of the frame are assigned to BO F code 21 , which is followed by 
an address ^iel„d_of_ 1 byte and a control field of 1 byte. 

The address field 22 stores address information which is 
25 used to identify a terminal to commu nicate- The control field 



* 9 

23 stores frame type information which is "used to identify the 
frame type. O ne bit of the control field 2 3 j ggB&igajp lg the 
P /F bit 23 a, which is used t o exchang e the rigf.it to send 
described before. Here, if the P/F bit 23a Is set to 1, then 
5 the frame thereof is the final frame. If the P/F bit 23a is reset 
to 0, then the frame thereof is not the final frame and therefore 
at least one frame follows - 

An information field 24 for storing data to be transmitted 
is assigned to m bytes following the control field 23. The 

10 information field 24 is followed by a frame check sequence (FCS) 
field 25 of 2 bytes and an EOF code 26 of 1 byte. The FCS field 
25 is used to determine whether the frame is acceptable. The 
EOF cocte 26 indicates the e»a of the fr;aJ|L The FCS field 25 
stores CRC (cyclic redundancy check) code. A receiving station 

15 performs a computation similar to iKKM on the 
complete frame and compares the computed CRC code with the 
received CRC code icw&ieaH&aM whether a transmission error ha3 
occurred . 

In the frame, a n escape - effective rang e from the address 
20 field 22 to the FCS field 25 is provided to allow the same code 
as BOF code 21 or EOF code 26 to be included therein. In the 
case where the same code as BOF code 21 or EOF code 26 is to 
be sent within the escape-effective range, the same code to be 
sent is converted according to a predetermined bit operation 
25 to produce a code different from BOF code 21 or EOF code 26 and 



then a specific code called escape code is positioned before 
the different code in the escape-effective range. At the 
receiving station, when detecting th e escape code , the data 
following the escape code is converted using a similar bit 
operation to reproduce the original code. In this maimer, any 
data can be used within the escape-effective range, which is 
called transparent control. , - 

Referring to Fig. 3, an IR communication apparatus is 
provided with a processor (CPU) 1, which performs the 
communication control and the protocol processing as described 
later. The processor 1 is connected to a random access memory 
(RAM) 2, a read-only memory (ROM) 3, and an synchronous serial 
interface 4 through a system bus. The RAM 2 is used as a work 
area for communication protocol and a send/receive buffer. The 
ROM 3 stores IrDA stack program for protocol processing and other 
necessary control programs. The asynchronous serial interface 
4 has a conversion function of converting data between serial 
and parallel . 

The asynchronous serial interface 4 is connected to a 
modem 5 which has a conversion function of converting data 
between R2 code defined by IrDA protocol and NRZ code for the 
asynchronous serial interface 4. The modem 5 is connected to 
an IR device 6, which is provided with a light-emitting device 
and a light-receiving device. The light -emitting device is 
driven by a transmission driver to emit IR light modulated 



depending on a transmission signal received from the modem 5. 
The light -receiving device is driven by a reception driver to 
conver t incident IR light to an electrical signal and outputs 
it to the modem 5. 

The IR device 6 is controlled by a power-down contr ol 
sig nal PWDWN input from a u niversal port of the processo r 1. 
More specifically, wher JW.m | 0, the lxghc -receiving ' figftfcgflfr 
of the IR i^icej is -coppecl operating by stopping power 
supplying to the re ception d river for oxxvisg the light - 
^^ ^^Xm M^mm^^^^m) - When PWDWN = 1, the 
light -receiving function of the IR device 6 is activated 
{power-down reset state). In this manner, the power- down 
control of the IR device 6 is performed by the processor 1 on 
which the communication program is running. 

Referring to Fig, 4, a send/receive handler, an IrDA stack 
program for protocol processing, final frame detectors 9 and 
10 are operating on the processor 1 . When receiving an IR signal 
from another station, the asynchronous serial interface 4 
outputs received parallel data to the processor 1 through the 
system bus. Therefore, the send/receive handler receives the 
received data and stores it onto the receive buffer 7 of the 
RAM 2. At this stage, the transparent control as described 
before is also performed. Subsequently, the stored frame data 
is sequentially read from the receive buffer 7 according to the 
IrDA stack program. TbV;'f!nal frame detecto; > checks the P/F 



pa of the read frame data whether the read frame is the 
final frame. If it is the final frame, it is determined that 
the right to send is obtained and therefore the processor 1 
controls the IR device 6 for power-down set mode. 

On the other hand, a frame to be sent is assembled by the 
IrDA stack program and ig&Wlffig eggMSF the send buffer 8 of 
• the RAM 2. Subsequently, the stored frame data ^sequentially 
^MW the S6nd bUf f 6r 8 tha^d^eivehandier . 

At this stage, the transparent control as described before is 
also performed. The final frame detector lO'jmttf the P/F bit 
23a of the read frame data gM§ the read frame Ji§ the final 
frame . If it is the final frame, it is determined that the right 
t o send is lost and t herefore th e processor 1 controls the IR 

de vice 6 £p v mmuaMua&&a& - 

OPERATION . IN RECEIVE PHASE 



As shown in Fig. 5. in the receive phase, i 

g|oxB^ frame check AUfCff the final frame 
data read out from the receive buffer 7. 

After starting initialization and the frame check routine 
in the receive phase {step S101), the final frame detector 9 
sequentially reads "data in bytes from the receive buffer 7 until 
a code other than the n-byte BOF code 21 has been read from the 
receive buffer 7 (steps S102 and S103) . When a code other than 
the n-byte BOF code 21 has been read (NO in step S103) , the final 
frame detector 9 sequentially reads one-byte address 
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information ana one-byte control information from the address 
field 22 and the control field 23 (step S104) . Then, the final 
frame detector 9 determines whether the P/F bit 23a of the control 
field 23 is 1 (step S105). If the P/F bit = 0, a variable PF 
5 is set to 0 (step S106). If the P/F bit > 1, the variable PF 
is set to 1 (step S107). 

Thereafter, the final frame detector 9 sequentially reads 
data in bytes from the receive buf f er 7 until a code other than 
the one -byte EOF code 26 has been read from the receive buffer 

10 7 (steps S108 and S109). When a code other than the one-byte 
EOF code 26 has been read (YES in step S109), the final frame 
detector 9 determines from the CRC code read from the FCS field 
25 whether an error is present (step S110) . If an error is 
detected (NO in step S110), that frame is discarded (step Sill) 

15 and then control goes to the processing of the following frame . 
If no error is detected (YES in step Silo), it is determined 
whether PF - 1 (step S112). 

When PF = 1 (YES in step SI 12) , it means that this frame 
is the final frame and therefore the processor 1 sets the 

20 power-down control signal PWDWN to 0 and changes the operation 
phase from the receive phase to the send phase (step SI 13) . As 
described before, when PWDWjj is set to 0, the IH device 6 is 
set to the power-down mode. Therefore, power is stopped 
supplying to the reception driver for driving the light - 

25 receiving device to stop the light-receiving function of the 



IR device 6 . The light-receiving function is not needed in the 
send phase. Thereafter, control exits from the frame check 
routine (step S114) . 

OPERATION IN SEND PHASE 

As shown in Fig. 6, 3^m^m^m0> ttoji gal fra me 
■ detector 10 pv&&i$ f ran^M**®!* the^^finaljrame' from 
data read out .from the send bu fJTerJl. 

After starting initialization and the frame check routine 
in the send phase (step S201). the final frame detector 10 
sequentially reads data in bytes from the send buffer 8 until 
a code other than the n-byta BOP code 21 has been read from the 
send buffer 8 {steps S202 and S203) . When a code other than the 
n-byte BOF code 21 has been read {NO in step S203) . the final 
frame detector 10 sequentially reads one-byte address 
information and one-byte control information from the address 
field 22 ana the control field 23 (step S204) . Then, the final 
frame detector 10 determines whether the P/F bit 23a of the 
control field 23 is 1 (step S205) . If the P/F bit - 0 . a variable 
PF is set to 0 (step S206). If the P/F bit = 1, the variable 
PF is set to 1 {step S207). 

Thereafter, the final frame detector 10 sequentially 
reads data in bytes from the send buffer 8 until a code other 
than the one-byte EOF code 26 has been read from the send buffer 
8 {steps S208 and S209). When a code other than the one-byte 
EOF code 26 has been read (XES in step S209), it is determined 
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whether PF = 1 (step S210}. 

WBBftB&SiMft. it means tha^ this frawa- 

power-down control signal PWDWN to 1 'and change s the operatio n 
phase from the send phas e to the receive phase (step S2H) . As 
described before, when PWDWN is set to 1, the IR device 6 is 
set to the power-down reset mode. Therefore, power is started 
to **» JM MHWaBBHWfcr-- f or driving the .light- 
to opt 



1 6 . In the receive phase, the light -receiving function 
is needed. Thereafter, control exits £ro$ the frame check 
routine (step S212). 

As described above, when operating a^^^S^^i, the 
receiving fJon etion r^ls. stopped- This allows po wer con sumption 
15 to r educe wit hout impairi ng the cogronnicatlo n function. 

Therefore, the battery life built in a battery -powe red portable 
information device ca n be increased . 

Another advantage can be obtained. Since the light - 
receiving function of the IRd eyice is stoppe d during the send 
20 phase, a so-called^e cho-back canceling) e ffect can be 

automatically achieved. In general, the light -emitting part is 
adjacent to the light-receiving part within an IR device. 
Therefore, the light emitted from the light -emitting device is 
partly incident back to the light -receiving device. To cancel 
25 such an echo-back component, the conventional communication 



ri o/ecr f 



1 6 

apparatus needs the echo-back canceling function in the IrDA 
stack program or the IR device. According to the present 
invention, there is no need to provide the IrDA stack program 
or the IR device with such a special function, resulting in 
5 simplified hardware and software conf iguration , 

As a second embodiment of the present invention, the case 
of high data transmission rate at up to 1. 152 Mbps or 4Mbps will 
be described hereafter. In this case, the synchronous serial 
interface is used. 

10 In the synchronous serial interface, t wo different bit 

strings called STA and STO a re used place of BOF code 21 and 
EOF code 26 of the first embodiment. Further, in the case of 
data transmission at up t o 1.152 Mbps , the escape code is not 
used to perform the transparent control- A b ar is per iod ically 

15 inserted into data to be sent Gggg tfl__HIMttflMttfe between the 
dj^»»m«^ and #Earand£g& bit strings . In the case of higher 
data transmission rate at up to 4 Mbps, the same bit strings 
as the STA and STO cannot be used within data to be sent. 

As shown in Fig . 7 , in the second embodiment , a synchronous 

20 serial interface and a modem are incorporated in a single 
hardware circuit block 11. Other circuit blocks similar to 
those previously described with reference to Fig. 3 are denoted 
by the same reference numerals. This hardware circuit block 11 
performs de tection / a ddition of j___A and STO and the transparen t j ^ 

_____ „_ - . _ _ • r j ^ 

25 control. Therefore, the circuit block 11 outputs received data 
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from which STA and STO are deleted to the receive buffer 7 
and receives sending data without STA and STO from the send 
buffer 8 through the send/receive handler. 

Therefore, the same operations as shown in Pigs. 5 and 
5 6 can be applied to the second embodiment, provided that 
BOR- and EOF- related steps are replaced with STA- and STO- 
related steps in Figs. 5 and 6. 

Each feature disclosed in this specification {which 
term includes the claims) and/or shown in the drawings may 
10 be incorporated in the invention independently of other 
disclosed and/or illustrated features. 

Statements in this specification of the "objects of 
the invention" relate to preferred embodiments of the 
invention, but not necessarily to all embodiments of the 
15 invention falling within the claims. 

The text of the abstract filed herewith is repeated 
here as part of the specification. 

A data communication apparatus operable in half -duplex 
includes a transceiver, a detector for detecting an 
20 operation phase which is one of the send phase and the 
receive phase, and a controller controlling the transceiver 
such that the receiver is stopped functioning during the 
send phase. 
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Claims : 

1. A data communication apparatus operable in 
half -duplex node alternately switching between a send phase and 
a receive phase, comprising: 

a transceiver including a transmitter and a 

5 receiver; 

a detector for detecting an operation phase which 
is one of the send phase and the receive phase; and 

a controller controlling the transceiver such that 
the receiver is stopped functioning during the send phase. 

10 2 . The data communication apparatus according to claim 

1, wherein the controller controls the transceiver in 
communication such that the receiver is not driven during the 
send phase but during the receive phase. 

3 - The data communication apparatus according to claim 
15 1 or 2. wherein, when the detector detects a phase switch signal 
from one of sending data and received data, the controller 
switches the operation mode between the send phase and the 
receive phase. 



4. 



The data communication apparatus according to claim 



3, wherein the phase switch signal is a poll/final (P/F) bit 



5 . The data communication apparatus according to claim 
1 , wherein the detector comprises s 

a first detector for detecting a received final 
frame from received frames which has been received by the 
receiver; and 

a second detector for detecting a sending final 
frame from sending frames to be sent by the transmitter, 

wherein the controller switches from the receive 
phase to the send phase when the first detector detects the 
received final frame and switches from the send phase to the 
receive phase when the second detector detects the sending final 
frame. 

6. a data communication apparatus operable in 
half -duplex mode alternately switching between a send phase and 
a receive phase, comprising: 

an optical transceiver including a light- emitting 
device and a light -receiving device; 

a detector for detecting an identifier which is used 
to switch between the send phase and the receive phase; and 
a controller controlling the optical transceiver 
such that the light-receiving device is not driven during the 
send phase. 



7 . The data communication apparatus according to claim 
6, wherein the controller controls the optical transceiver in 
communication such that the light-receiving device is not 
supplied with power during the send phase but during the receive 
5 phase and the light-emitting device is not driven during the 
receive phase but during the send phase depending on sending 
data . 

8 i The data communication apparatus according to claim 
6, wherein the light -emitting device and the light-receiving 
10 device are adjacent to each other in the optical transceiver 
to the extent that the light -receiving device receives part of 
light emitted from the light- emitting device. 

9 , The data communication apparatus according to claim 
6, further comprising: 
15 a send buffer for sequentially storing frames to 

be sent; and 

a receive buffer for sequentially storing received 

frames, 

wherein each of the frames to be sent and the 
20 received frames Includes the identifier indicating whether the 
frame is a final one, wherein the controller switches from the 
receive phase to the send phase when the detector detects the 



Identifier indicating a final frame from' the received frames 
and switches from the send phase to the receive phase when the 
detector detects the identifier indicating a final frame from 
the frames to be sent. 

10 . The data communication apparatus according to claim 
9, wherein the Identifier is a poll/final (P/F) bit. 

11. A data communication method for exchanging data in 
half -duplex mode between a first terminal and a second terminal, 
comprising the steps of: 

at the first terminal having a first transceiver, 

sending frames of data to the second terminal with 
setting a receiving function of the first transceiver to 
power-down mode during a sfmd phase; 

switching the send phase to a receive phase when 
a final frame is sent to the second terminal 

receiving frames of data from the second terminal 
during the receive phase; 

at the second terminal having a second transceiver, 

receiving the frames of data from the first terminal 
during the receive phase; 

switching the receive phase to the send phase when 
the final frame is received from the first terminal; and 

sending frames of data to the first terminal with 
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setting, a receiving function of thB second transceiver to 
power-down mode during the send phase. 

12. The data communication method according to claim 

11, wherein each of the frames includes an identifier indicating 
5 whether the frame is a final one. 

13. The data communication method according to claim 

12, wherein the identifier is a poll/final (P/F) bit. 

14 . The data communication apparatus according to claim 

I, wherein the transceiver is an infrared transceiver and the 
10 data communication apparatus operates in accordance with IrDA 

(Infrared Data Association) protocol. 

15 . The data communication apparatus according to claim 
6, wherein the optical transceiver is an infrared transceiver 
and the data communication apparatus operates in accordance with 

15 IrDA {Infrared Data Association) protocol. 

16. The data communication method according to claim 

II, wherein the first and second transceivers are an Infrared 
transceiver and the data is exchanged In accordance with IrDA 
(Infrared Data Association) protocol. 
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17. A data communication method or apparatus 
. substantially as herein described with reference to the 
accompanying drawings. 
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